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A T M O S P H E R IC A N D  S U R F A C E  P R O P E R T IE S  O F  M A R S , V E N U S  A N D  T H E  M O O N  

T h e  a tta c h e d  s umma r i e s  o n  th e  a tmosphe r i c  a n d  su r face  p rope r t i es  o f 
s o m e  o f th e  p l a n e ts L  e r e  c omp i l e d  b y  Dr. W .W . K e l l o g g , H e a d , P l a n e ta ry  Sc i e nces  
L e p a r tm e n t, T h e  R a n d  Co r p o r a tio n , S a n ta  M o n i c a , Ca l i f o rn ia  a t th e  r e q u es t o f 
Dr. C .G . i i ed& .  In  a n  a c c o m p a n y i n g  letter to  Dr. H e d & , Dr. K e l l o g g  m a k e s  
th e  fo l l ow i ng  c o m m e n ts wh i c h  s h ou l d  b e  o f in terest  to  th o s e  us i n g  th e  tab les .  

A t last, he r e  a r e  th e  s umma r i e s  th a t y o u  r e q u es te d  o f th e  a tmosphe r i c  
a n d  su r face  character is t ics o f i -Tars, V e n u s , a n d  th e  M o o n , fo r  th e  u s e  o f th e  
sc ient ists w h o  m a y  b e  d i scuss i ng  th e  imp l i ca t i ons  o f c o n ta m i n a tin g  th e s e  bod i es .  
Th is  is i n t e nded  to  ass ist  y o u  i n  you r  e ffor ts o n  b e h a l f o f o u r  Consu l ta t i ve  
G r o u p  o n  P o te n tia l ly  H a r m fu l  E ffects o f S p a c e  E x p e r i m e n ts o f C O S P A R  to  o r g an i z e  
s uch  d iscuss ions ,  

I h o p e  th a t it wi l l  b e  a p p a r e n t to  a l l  w h o  u s e  th e s e  s umma r i e s  th a t 
m u c h  o f th e  m a te r ia l  is qu i t e  unce r t a i n  (I h a v e  t r ied to  i nd i ca te  r a n g es  o f 
unce r ta in ty  w h e r e  poss ib le ) ,  a n d  th a t s o m e  o f th e  s ta tements  a r e  b a s e d  o n  m y  
o w n  b iases ,  o r  " guesses " .  I c a n  exp l a i n  th e  r e a son i n g  b e h i n d  a l l  o f th e s e  
g u ess  es  , b u t r ea l i ze  th a t s o m e  sc ient ists m ight  sti l l n o t.e n t i re ly a g r e e  w i th  
3 e . The re fo re ,  th e  s umma r i e s  s h ou l d  b e  u s e d  w i th  d u e  c a u tio n . Just  to  e m p h a s i z e  
th is  p o i n t, I h a v e  i n c l u ded  th e  E a r th  a s  o n e  o f th e  p l a n e ts u n d e r  cons ide ra t i on ,  
a n d  it is s ign i f icant  th a t, e v e n  h e r e , s o m e  o f th e  character is t ics th a t y o u  
ca l l ed  fo r  a r e  diff icult to  spec i fy.  

T h o s e  w h o  m a y  wish  a  m o r e  comp le te  r ev i ew  o f th e  s i tua t ions o n  Ma r s  
a n d  V e n u s  c a n  s e e  th e .1 9 6 1  r ev i ew  by  Ca r l  S a g a n  a n d  myse l f ,  p u b l i s h ed  b y  th e  
U .S . N a tio n a l  A c a d e m y  o f Sc i ences ,  W a s h i n g to n , D .C.; o r  th e y  m a y  awa i t  th e  
fo r t h com ing  i ssue  o f A n n u a l  Rev i ew  i n  A s t r onomy  a n d  .A s t rophys ics,  c o n ta i n i n g  
a n  u p d a te d  r ev i ew o f th e  samel .sub jec t  ( p l us  Me rcu ry )  b y  th e  s a m e  a u thors .  

. 
A s  fo r  th e  p l a n e t Jup i te r ,  I left it o u t o f m y  s u m m a r y , i n  sp i te  

o f th e  v a g u e  poss ib i l i i y  th a t it m ight  s u p po r t l i fe o f s o m e  sort. W e  k n o w  
v i r tua l ly  n o th i n g  a b o u t th e  cond i t i ons  a t its "su r face" ,  if it h a s  o n e  a t a l l  
i n  th e  d u a l  s e n se . A s t r onome rs  a r e  n o t e v e n  su r e  a b o u t th e  cond i t i ons  a b o v e  
its c l o ud  to p s , w h e r e  th e y  c a n  m a k e  s o m e  obse rva t i ons .  A  recen t  r ev i ew  by  
E .,'. O p ik ( Icarus, l (3), p p . 2 0 0 - 2 5 7 , 1 9 6 2 )  a t t r ibutes to  th e  " o bse r vab l e  
stm o s p h e r e "  th e  fo l l ow i ng  p e r c e n ta g e  compos i t i on :  H e  9 7 .2 , H 2  2 .3 , N e  0 .3 9 , 
C H 4  0 .0 6 3 , A  0 .0 4 2 , a n d  N H 3  0 .0 0 2 9 . P r e sumab l y  th e r e  c ou l d  b e  m o r e  N H 3  a n d  
H 2 0  l owe r  i n  th e  a tm o s p h e r e , b u t b o th  o f th e s e  te n d  to " s n ow  o u t" a t th e  ve ry  
co l d  c l o ud  l eve l  ( 1 5 6 O K  a t th e  to p )  a n d  s o  a r e  not  as  a b u n d a n t i n  th e  h i g he r  
a tm o s p h e r e . 
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SUMMARYOF LUNAR AND PLANETARY SURFACE ENVIRONMENTS 
FOR USE IN DISCUSSION OF IMPLICATIONS OF CONTAMINATION 

EARTH MOON MARS  VENUS . 

LOWERATMOSPHERE 
Chemical composition N2-?8%,02?21%, 

A r--l% ,C02-.03X 
or 2.4 m  STP, 
H20 O-2.57. or 
l- 10 gm/cm2 

(variable) 
P ressure at surface 1013 mb at sea level 

Movement Extremely variable, with 
mean speed about l-5 m / 
sec. Cyclonic storms  at 
m id-latitudes at all 
seasons. Most intense 
in winter. Occasional 
very strong winds in 
tropical storms  
(hurricanes) and highly 
localized vortices 
(tornados). 

TEMPERATURE AT SURFACE 
Max imum - 

Mean 

M inimum 

Length of cycle at 
equator (day) '24 hrs 

Length of cycle 
poles (year) 

at 
1 year 

323°K (5OOC) 

288'K (15OC) 

230°K(-45'C) 

Ar,C02( ?) 

<lo-lOmb 

N2295%,Ar+-2.5%,C02+% 
or 30-40 m  STP (l), 
H 0 2-8xio3 gm/cm2 

(aP1 uncertain by at 
least a factor 
of two.)(l) 

bikti Q SdCZLr C& be 
80 - mbE_(l) 

Free molecular P robably light winds 
diffusion at equinox, cyclonic 

storm  systems of 
considerable inten- 
sity around solstice. 
Dust storms  observed; 
also, moving as well 
as stationary white 

I or yellow clouds 
observed. - 

, 

375°K 300°K (25'C) 
( loo"c) (equatorial noon) 
(Rapid change * 210-i20°K 
day-to-nite) (-50 to -60°C) 
120'K (-15O'C) 180'K (-9O'C) 

(winter pole) 

27 days 24.6 hrs 

1 year 687 days 

N2 80-95%,C02 5-20X, 
H20-.OOl% or less (?) 

5-50 atmospheres 

P robably very light winds 
I at surface (a guess) 

700°-800'K (subsolar) 

6CO"-700°K (antisolar) 

,. 
~I.20 days (uncertain) 

+225 days (uncertain) 

__ 



RADIATION AT SURFACE 

Ultraviolet cutoff 3000: (due to ,ozone) no cutoff . 

. - 

.I Visible light 
intensity (relative 
to earth) 

Ionizing radiation 
(flux of <lOOOJt 

radiation) 
CHEMISTRY OF SURFACE 

Water 

Salt 

None 

4/5 surface covered 
with liquid or solid 
water. 

Water-soluble salts 
largely unavailable 
at surface due to 
leaching by rain, 
except in special areas 
of low rainfall. 

Not certain. Probably 
enough 0 

? 
to give some 

attenuat on at aroGX 
25001; also, considera- 
ble attenuation by 
Rayleigh scattering 
combined with absorp- 
tion by haze particles. 
CO2 will cause complete 
cutoff below about BOOi 
in any case. 

Same v3Gtme on the average 
: 

No cutoff, same None ‘ 

as in space 
i 

Carbon sources Widespread, due to past ? 
and present organic 

. . processes. 

Nitrogen sources Ibid. ? 

None 

.? 

Hoar frost on winter 
, polar area. May be 

frozen water in perma- 
,frost layer (a guess). 
Common water soluble 

, salts probably 
generally available 
(a guess) . 

a- 
. 

Not certain. Probadl:; '.o 
penetratiog to surfas> 
below 3OOOA due to SOL?F.' 
ozone and multiple 
scatteri% in deep 
atmosphere. m 

Less. May be fairly dark 
at surface due to deep 
atmosphere; blue more 
attenuated than.near SR. 
None 

None 

? 

. 

Some. spectroscopic ? 
evidence for organic 
material in dark areas 

rx&$;e,;e;e~;;~l - 
occur. 
? ? 



e 

. . 

\ 
l CHARACTER OF’SURPACE 

Surf ace physical 
structure 

Variable (sand, clay, 
rock, water, snow, 
ice, etc.) 

Variable Red areas - probably sandy Probably very hot, dry 
or dusty, limonite dusty surface (a guess) -’ 
suggested by color and Some radar evidence for 
polarization en observa- large irregularity like a 
tions. Dark areas - ? mountain range. 
Hoar frost observed 
covering winter pole, . 
more extensive than on 
Earth. Polar cap lrndy 
disappear-4 in summer from 
South Pole, persists all 
year near North Pole. 

Temperature distri- Level of uniform temp. Average thermal Variable. 
bution below 

Probably like 
from 0 to 3m below conductivity mch terrestrial desert 

surf ace surf ace. lower than terre- (a guess). I 

Depth of probe 
penetration in 
hard landing 
(m=.) 

TERMINAL VELOCITY 
OF FALL 
of solid dust 
particles (PO 2 .S 
gq’cm3) near the 
surface for a given 

’ partic lc radius (2) 
(cm/see) 

-0.1 m in ha 
Jj m in sand 
soil, up to 
ocean. 

rd rock, 
and loose 

10 km in 

Insigni- 3.1 139 1247 
f icant 
re lat ive 
to tur- 
bulent 
transport. 

* 

. 

strial surface. 
Presumably very 
porous material 
ove r mos t of 
surface, but 
evidence for 
localized ,,’ 
regions with 
higher conduct- 
ivity . 
Possibly very 
porous and 
easily pene- 
trated in l 

places, cer- 
tainly some 
hard rock. 

a3 

-0.1 m in hard rock, 
--5 m in sand or loose 
soil (a guess). 

3 -. 

l& 101-1 loop LOoop 
*' 1.6 9.25 75 



Notat bene: 

(1) A recent announcement by L. Kaplan and H. Spinrad (Jet Propulsion 
Laboratory, Pasadena, Calif.) presented verbally at the 
Astrophyiscal Symposium in Liege in July, 1963 (but still unpublished) 
gives evidence for an increase in the CO2 content of the Martian 
atmosphere to about 100 m STP and a reduction in the surface 
pressure to less than 20 mb. This is still unconfirmed by any l 

other workers. 

(2) The fall rates presented here were calculated especially for this 
chart by R. R. Rapp (RAND Corporation, Santa Monica, Calif.). 
Details of these calculations can be made available later for 
those wishing them. 
obey Stokes' 

Note that the smaller particles (1 and 10~) 
law, except for 1~ particles on Mars which are in the . 

free molecular flow regime. Particles of 100~ and over obey 
aerodynamic drag laws on all three planets. Values for the 
pertinent atmospheric parameters used in these estimates are as 
follows: (all in c.g.6. units) 

Earth 

Grgvity 
Mean Free 

Degsity Viscosity Path 
t II h 

981 l.22xlo-3 l.f9x104 6.6xlO+j 

Mars 333 lxlo-4 1.6x10 -4 8~10-~ 

Venus 862 3x1o-2 3.0x10-4 2.6~10-~ 

* The fall rates for lc( particles on Earth, Mars, and Venus are 0.016, 
0.031, and 0.024 cm/set respectively, so it is quite certain that 
turbulence near the ground will determine their trajectories in 
the air rather than their theoretical rates of fall. 


